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TECHNICAL NOTE 2793

A METHOD FOR THE DETERMINATION OF THE TIME LAG
IN PRESSURE MEASURING SYSTEMS
INCORPORATING CAPILLARTIES

By Archibald R. Sinclair and A. Warner Robins
SUMMARY

A method 1s presented for the determinstion of the time lag in
pressure measuring systems Incorporating capillaries; this method is a
convenient and systematic means of selecting, designing, or redesigning
a pressure measuring system to meet the time requirements of a particu-
lar instellstion. Experimental datas are shown and a step-by-step sample
application is presented.

Calculated and experimental dats are ln reasonable agreement and
show that response time in a pressure measuring system incorporating
caplillaries 1s a function of the orifice pressure, the initial pressure
differential, and the system volume, is directly proportional to capil-
lary length and to the viscosity of the gas in the capillary, and is
inversely proportional to the fourth power of the capillary inside
diaemeter.

INTRODUCTION

The time lag in pressure measurlng systems has become more impor-
tant with the advent of supersonic and transonic wind tunnels in which
the pressures are low and the capillaries in the systems are generally
small. In such capillary systems, the time required to approach equilib-
rium end obtain a sufficiently accurate measurement of the orifice pres-
sure at the pressure measuring device may be conslderable and increases
as the pressures decrease. The importance of reducing the time lag in
such Instellations is associated with the high cost of tunnel operation
and with the limitation of rumning time as in the case of intermittent
wind tunnels. A method that would offer a convenient and systematic
means of selecting, designing, or redesigning a system to meet the time
requirements of a particular installation therefore would be especially
useful.
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Most of the available literature concerning time lag in pressure
meaguring systems is developed specifically for application to ailrcraft
instrument systems (refs. 1 to 5). Kendall (ref. 6) has developed a
theory for use with & rather specislized type of manometer. The purpose
of the present investigation of the problem of time lag 1g to develop
a method of theoretical analysis which could be resdily applied to the
multitube manometers normally used in wind-tumnel work, to—check this
method with experimental data, and to investigate when possible the
practical limitations of the method. The ranges of variables are chosen
to epproximate the conditions ordinarily encountered in manometer
installations for wind tunnels. The method, though it is developed for
liguid menometers, is applicable to various types of measuring devices.

SYMBOIS
t time
P pressure in measuring device at any time t
P initial pressure in measuring device at t =0
Py pressure at orifice
v entlre air volume of system from orifice_to and Including

measuring device at any time t

vy entire air volume of system from orifice to—end including
measuring device at p =p; (or t =w)

vy V,; less volume of-capillary, the optimum dlameter of which
is to be determined

air volume between fluid surface and comnection to capillery

m
system in menometer, or volume of pressure capsule at
P=r _ :

Va volume displaced by motion of msnometer fluld or by deflection
of capsule walls

d internal dismeter of capillary (used with subscripts 1, 2, 3,

.« « «n %ta denote various caplllaries in series-connected
system)
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dx internal diameter of capillary, the optimum diameter of which
is to be determined

1 length of capillary (used with subscripts 1, 2, 3, . . . n
to denote various cepillaries in series-connected system)

1y length of capillary, the optimum diameter of which is to be
determined

le length of capillary of dlemeter d which 1s equivalent in

flow resistance to total resistance of all series-connected
capillaries in system

Ze' length of capillary of diemeter d which is equivalent in
flow resistance to all series-connected capillaries in
system except that capillary, the optimum diameter of which
is to be determined

D internal diameter of manometer tube

T temperature of air in capillary

w specific weight of manometer fluid

1 coefficient of viscosity of air In system
m mass of alr in pressure measuring system
R universal ges constant

Any consistent set of units may be used.

THEORETTICAL ANALYSIS

Analysis of Problem and Development of Method

A simplified diagram of a manometer is ghown in figure 1. The
total volume of the entire system from the surface of the manometer
fluid at equilibrium to the orifice is considered a single volume V5.

The orifice and sll connecting tubing are considered as & length of
tubing of length 1e and constaent dismeter 4 between the orifice and

the manometer. The ingide dlemeter of the manometer tube is represented
by D. The pressure at any instant in the manometer is p and the
pressure at the orifice is pj. The pressure in the manometer when
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t =0 is pp; then py - p; is the initiel unbalance in the system.
Thus the pressure. in the manometer starte as py at t = O and changes
progregsively with time until it becomes equal to pl after an infi-
nitely long time.

In the analysis of the problem, the flow in the capillary is assumed
to be laminar. For.practical purposes, this assumption appears to be

Justifiable since the capillaries are smooth-walled and the flow veloc-
ities are usually such that the Reynolds numbers are below critical,

In order to analyze the flow in the capillary, the rate of flow in
a tube of circular cross section may be related to the pressures at its
ends by (see ref. T, with zero slip assumed)

I
gm _ ™ 2 .. ..2 1
at " 3T eRT__(p pl) (1)

Equation (1) is a form of Poiseuille's formula.

If the entire process is assumed to be isothermal, the mass rate
of flow of the entire system can a8lso be expressed in terms of the vol-
ume in the system, the pressure within this volume, end the rates of
change of each as

RTE:-;,Q-V(E (2)
d ) at at

Since V; 1s the volume of the system at—equilibrium (p = Pl) and

Vg 1s the volume displaced by the fluid as the indicated pressure
changes from pgy to Dy the changing volume from which the gas must

expand may be written as

P -P1
V = Vl + —Vy
Po'Pl

2Py - P
or, since Vg = b -9———-JL,

N W
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V=V -
=Vy+ = -
Yy )
Then,
D2
dV = — dp
by

in

at dt bw

Dividing this equation by the constant RT and equating to equation (1)
ylelds

2 g dp D2 a xa
~p ﬂ;_P.-V i-—(p-pl)i’.:-——(pz-ple)
v gt at  Lw at 256ul e
and
256ule a D2 ap D° P dp
= - v ap

1 + + 5 5
nat (p+pl)(p-pl) Woop+p Mop? -py

Integrating this equation results in

- 2%0ule z;— log PoEP, ik o
e

t = log ( + P ) + —— log (p2 -p 2) + C
- e|P 1 8w e 1 1

ndy 2py P+ Pq

After the constant C; 1is evaluated at t =0 when p = Po &nd terms

are collected, t becomes
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128ule |V ( - )(p + 3D +
= —__—EE'—L loge 20 "5 Pl) + loge 75 +
wd* |py (p - pl) (Po + pl) bw P+Py

7D° Po - P

——1loge 2 -1 (3)

by P -Dp;

Va
Replacing the nDe/hw terms with their equivalent- ————— 8o that the

Po - Pl

equation may epply to various types of pressure meessuring devices yields

128ul | V1 (o0 - pl) (2 + p1) 3Va Po + D1
= —T ~— loge + loge —— +
na* |p. (p-2)(p0 + 1) -y P+ D
v Po - P
4 loge 1 (1)
Pp-D, P-P1

A value of " lg, the equivalent length based on a common dismeter @

for a set_of connected capillaries, may be determined by finding the

equivalent lengths of each and adding the resulting lengths to that of-
the cepillary of dlameter - d. In a system having only two capillaries
(of dlameters d) and dp and lengths 1, and Iy, respectively) in

which d3 1s chosen as the basic tube (d = dj), the equivalent length

of the capillary of dismeter do and length 1o is the length of cap-

illary of dlameter d +to which it is equivalent on point of flow resist-~
ance. This length may be found by equating the expressions for + for

1 2
both capilleries and dropping the bracketed terms. Then, —E-: —EZ
ar  dp

y_— . -
da
or, since d =4y, s =1 e where 1 is the equivalent length of
’ 1 e 2 e

dgl"
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capillary 2 in terms of a capillary of dismeter d. Then the total
equivaelent length of a system of connected capillaries when d; is

chosen arbitrarily as the basic diasmeter Qd = dl) is

ak_
dnll'

. + 1p

Ze=11+22i)+—)++7.3iu—)++. .
do a3

Consideration of Optimum Capillary Size

Equation (3) shows that the greatest gain in attempting to reduce
the time leg of an existing pressure meaguring system can be had by
increasing the bore of the smaller capillaries, consistent with space
and structural limltations, or by replacing as large a portion of the
smaller capillaries as possible with larger tubing.

System volume, which has a direct relation to response time, is
influenced by the capillary volumes, and, for the larger capillaries,
an optimum exists between large bore with its large volume, and small
bore with its greater flow resistance. For a system incorporating only
two sizes of caplllaries, the problem of mathematically determining this
optimum would be relatively simple, but such a system 1s rarely found
in practice. In the case of a wind-tunnel model ingtallation, a system
can generslly be divided into two groups of caplllaries: +those in the
model and support system, the sizes of which are determined principally
by space limitations and which are usually the greatest source of time
lag, and thosge which connect them to the pressure measuring device and
on which no space limitationg are imposed. By resolving the former
group into an eguivalent length 1o' of & single capillary of diam-

eter d, the system becomes a two-capillary one which lends itself more
readily to calculetion.

Since the equivalent length 15, based on a capillary of dilam-

eter d, may be expressed as

le = le' + Ix g
dx

(where the subscript x refers to the caplillary, the optimum diameter
of which is to be determined) and if the volume Vl' is known, the

equation for settling time becomes
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1 . Pog - P1 P + P3
dXsz)— loge — +
P1 P-p Po*tP

108y dx*le’ + ¥y x
t = X lfvyr 4 I
R k

3Va Po + Py Va Pop - P
loge + loge
Po = P1 P +P -Po = Py P"‘Pl

By letting

B = "“"loge
1 P-P P +—P1
and
3V Py + P v _Pp - P
C = —a loge O 1, a loge 0 1
Py - P D+ Po =P P =P

the equation for @t _may be wriltten as

+ deltie! + ak
.'A_ = X Z hd)_l_ X [Q’l' + E d}(EZX)B + C]
X

Differentiating this equation with respect to d,, setting the
result equal to zero, and simplifying yields ’ ’

-Ele'dx6 - % 1, dkay 2 - 2mat = 0 (5}

where ) _ ™



oM NACA TN 2793 9

Equation (5) is an expression for the diemeter dy required for a
minimm vaelue for time +t. Substituting y for d,° into equation (5)

and simplifying yields

1.4% "
y3 - x? v + 8Ed‘
7:e ‘Iﬂ,e

and, if the two Imaginary roots are neglected,

3 3
.- ypat Jfumat)®  fxat > pmat flimd\® A,ak\3
nlg’ 7lg! 3" nlg' nla’ 3%y’
3 3
hEd‘+ z 1,803 T eat fmad\F (e (6)
iyt ﬂZ ' 31 ' nlg! ntla'! 3la’

- This equation 1s somewhat unwieldy, however, and mey he replaced
for all practical purposes by a simpler expression which erises from
neglecting the two displacement terms of the original equation for %,
which leaves

t =

at1et + at ” 1 Pr - Py D+ D
128”' x © X 6’1‘ + —dx22x>'P— loge 0 1 1

e a hdh L 1 P-P Pyt Pl

X

The simpler expression for d4d; which then results is

2 3 '
by gt kv, rat 1 at 3 vy tat lnrl'dlL 2 f1.a4\3
~ + - + [——— - -
x tle! e 3% e’ le 3le’

(7
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3

1t
e : b

For the range of variables considered 1n this paper, the term )

3le’
by ta\?
is negligible compared teo — > and equation (7) can then be
nle

further reduced to

(8)

which shows that, for practical purposes, the optimum diameter of the
capillary 1s independent of its length.

Table I presents a comparison of the optimum-tube internal diam-
eters computed by equaetions (6), (7), and (8) throughout the practical
ranges of volume, length, and pressure and indicates that equation (8)
is sufficiently accurate for conventional manometer—systeme, particularly
in the critical case of very low pressures.

Application of the preceding method to an example is shown in the
appendix. -

EXPERIMENTAL INVESTIGATION

Apparatus and Procedure

A schematic drawing of the main part of the test apparatus 1s shown
in figure 2. Related equipment not shown includes a sensitive barometer,
a thermometer, and a manually operated device for recording the settling
time. The capillaries used ranged in inside diameter from 0.0205 to
0.039 inch and were of-stainless steel and Monel metal.

The orifice pressures p;, ranging from 1/50 to 2 atmospheres, were

maintained in the air tank (see fig. 2), which was of-sufficient volume
to take up the air introduced at point C with no discernable change in
pressure. Tuhe 2 was the reference tube which determined the setting

of the scale. Tube 1, in which the initial pressure. p, was set, sim-

ulated a typical msnometer tube. Tubes 1 and 2 were ‘of 0.160-inch Inter-
nal diameter. C o T - o
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For each test the procedure was essentially the same. After the
orifice pressure p; (indicated by the mercury U-tube) was set in the

tank, ailr was introduced at point C (see fig. 2) to establish the ini-
tial unbalaence in pressure ©pg - P; &across the test capillary so that

the manometer fluid moved down pest point B. When the air at point C
was valved off, the fluid moved upward past point B as a result of flow
through the capillary, and the return toward equilibrium at point A wvas
then timed at selected intervals on the scale.

The tests consisted of two main groups: one for a volume between
the orifice and manometer fluid (within C, D, and A in fig. 2) of
0.00382 cubic foot and the other for a volume of 0.0024T7 cubic foot.
This change was accomplished by using a different size of air chamber
for each group. These groups were subdivided into tests of individual
capillaries and various combinations of capillaries which, in turn, were
divided into runs at the various orifice static pressures p;. The ini-

tial unbalance between points A and B was 15 inches' for all the tests.
Since Alkazene 42 (x-dibromoethylbenzene) of specific gravity 1.T7T49 at
720 F was used, the pressure unbalance was 136.4 pounds per square foot.

Accuracy

The accuracy of the data is mainly dependent on the accuracy of the
measurement of the internal diameter 4 of the capillaries, since the
variable d enters the equation for response time in the fourth power.
These measurements were made near the ends of the capillary with plug
gages; some error besides that of reading would therefore result if the
bores were not uniform throughout the lengths of the capillaries. The
over-all errors introduced by inaccuracies in eny of the remaining var-
iables would, by comparison, be negligible. Since no practical meens
were available for reducing the possible error in the measurement of
capillary bore, a considerable amount of data was obtained so that an
average might be established. The good agreement throughout the tests
between theory and experiment indicates that, for the purposes of this
paper, no significant errors occurred.

RESULTS AND DISCUSSION

Pigures 3(2) and 3(b), which show response time t as a function of
pressure unbalance p - P, are representative of the plots of all the

single-capillary tests and show the generally good agreement between
calculated and experimental results. Filgures 4 to 6 are a breakdown and
comparison of the datae to show time t plotted against each of the



12 S - == -~ NACA TN 2793

principal variasbles d, py, and 1 fOF both values of V3. Each plot

shows .similarly good correlation between theory and experiment, and no_
significant trend is revealed which might indicate the approach of a
limiting condition within the practical range of the theory.

A comparison between theoretical and experimental results for two
connected capillaries is shown in figure 7. In this case, various
lengths ranging from 0.002 inch to 6 feet of-very small cepillary )
(0.0205-1inch "internal diameter) were added to a 6-foot length of larger
capillary (0.039-inch internal diameter) and the resulting configurations
were tested at various orifice pressures. The difference between the
experimental and calculated data appears to be due To an orifice or
tube .end effect which decreases as the length or thickness of the ori-
fice approaches zero. A related effect is shown in figure 8, in which
the calculated values of response time for a plain capillary are compared
with experimentally obtained values for a caplllary of the seme dimension
but ta which s very thin orifice has been attached. A thin orifice
is shown to have only a slight effect on the time lag until its diam-
eter becomes less_than sbout 0.25 of that of the capillery to which 1t
is fixed. An orifice ofany appreciable thickness (or_length) might——
best be treated as an additionel length of capillary, although no
account in theory 1s made of total-pressure losses resulting from ori-
fice and capilliary Junctions.

Several straight capillaries were tested and then retested with a
number of small-radius turns and kinks. The resulting differences in
response time were almost negligible although considerable flattening
of the capillsries was noted at each bend. The effect of a bend appears
to be similar to that of an orifice. - o ' . T

Reduction of the response time by lowering the initlal pressure
unbalance does not in many cases appear to be practical. For example,
reducing the initial unbslance to 10 percent of its original value will
only reduce the response time by a factor of l/2.to_l/3, as may be seen
in figure 3. - .- — o T

In the present tests, neglecting the time lag due to the viscous
effect of the liquid in the manometer appears Justlfisble since theory
and experiment agree for response times as low as 14 seconds. The
geometry of the liquid system in the manometer used approximated that
of a conventional system so that its resistance to flow should alsc be -
comparable. Since. a relatively light manometer medium was used, that
igs, for a given pressure differential a greater volume of flow must
occur than for & more dense fluid, it follows that the occurrence of s
noticeable mechanical lag ih a conventional system is unlikely, unless
unusually viscous liquids are used or very short response times are
required. . . o _ -
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Since, in the equations, the entire air volume of the system
between the orifice and the surface of the manometer fluid is assumed
to be lumped together (as shown in fig. 1), some doubt may exist about
whether the equations hold for a system which is greatly dissimilar
in volume distribution. It appears that the equations, based on the
assumed. lumped volume, will yileld pessimistic answers when applied to
an actual system since, theoretically, the gases expanded from or into
the system will have to pass through all the capillaries. The error
resulting from the assumption of lumped volume depends then on the flow
resistance of that part of the system containing most of the system vol-
ume and on how great a part this volume 1s of the whole, if, in the case
of interconnected caepillaries of different sizes, the smallest capil-
laries are assumed to be located at the orifice end of the system. For
example, for a manometer system in which there are 1, 25, and 190 feet
of capillaries of 0.020-, 0.032-, and 0.090-inch inside diemeters,
respectively, and in which approximetely 97 percent of the entire system
volume is within the largest capillary, the difference in response time
is approximately 8.7 percent if, first, the entire volume is assumed to
be lumped together at the measuring device and, second, the largest cap-
illary itself is assumed to be a chamber (with no flow resistance) con-
taining the entire system volume. Conditions in the actual manometer
system fall somewhere between these two assumed conditions, and the error
due to the assumption of a lumped volume must therefore be less than
8.7 percent. In most manometer systems, it should be considerably less.

Figure 9 is a comparison of the calculated and experimental response
times for the manometer system mentloned in the previous paragraph. The
discrepancies are attributed mainly to the flexibility of the 190-foot
length of plastic capillary which tends to increase greatly the displace-
ment volume of the system. The effect of distributed volume appears in
this case to be secondary.

In the practical gpplication of the equations, in many cases the
exact geometry of the system and the initial and final pressures imposed
may be difficult to ascertain so that the resulting solutions for response
time may be only of the correct order. In many cases, the correct order
may be all that is required. Some of the probable causes for discrep-
ancies in applying the equations are:

(1) Inaccuracies in measurement of capillary dlameter
(2) Unknown system volume

(3) Unknown capillary length, particularly for smallest capillary
(4) Elasticity of flexible tubing

(5) Porosity of cepillaries, particularly for flexible tubing

(6) Effect of distributed volume

P
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(7) Effect of orifices and capillary junctions

(8) Kinks or bends which reduce considerably the cross-sectional
area of the capillary ' - :

CONCLUSIONS

A method has been presented for the determinetion of the time lag
in pressure measuring sysbtems incorporasting capillaries, and an experi-
mental investigation has been made to apply this method. The results
show that:

1. The calculated and experimental date are in reasonable agreement.

2. Response time in a pressure measuring system incorporating cap-
illaries is a function of the orifice pressure, the initial pressure
differential, and the system volume, is directly proportional to capil-
lary length and to the viscosity of the gas in the capillary, and is
inversely proportional to the fourth power of the capillary inside diam-
eter. The response time increases as the orifice pressure decreases.

3. In a system of caplllaries connecting a model orifice with the
pressure measuring device, those capillaries located within the model
and support system should be carefully selected to insure an adequate
diameter. - . — C

k. Where the meximum diasmeters of part of a set of connected cap-
illaries in a pressure measuring system are determined by space limita-
tions or other considerations, one optimum inside diameter exists for
the other capillaries in the system.

5. An orifice in a capillary system has little effect on response
time when its diameter is greater than about 0.25 of the internal diam-
eter of the caplllary to which it is attached.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
. Langley Field, Va., July 2, 1952
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APPENDIX

EXAMPIE OF USE OF THE METHOD

Basic configuration.- The purpose of the following calculations
is to show the way a conventional manometer system having poor response
might be altered in order to shorten response time to an acceptable
amount. The equations are applied to an actual case, the pertinent
physical characteristics of which are:’

Model tubing,

d; = 0.0205 in. = 0.001708 ft 1, = 3.5 £t

model-support tubing,

ds = 0.0310 in. = 0.002583 ft 1p = 10.5 ft
support-to-wall tubing,

d3 = 0.0450 in. = 0.003750 ft 13 = 4.0 £t
wall-to-manometer tubing,

dy = 0.2040 in. = 0.017000 ft 14 = 21.0 ft

and

Vm = 0.0016 cu f%

The assumptions are made that the over-all capillary-system length
cannot be changed and that the number of model orifices and assoclated
capillary systems cannot be reduced. For purposes of comparison, the
same values of viscosity, displacement volume, and pressure are imposed
on each configuration; they are

Po = 178.82 1b/sq ft abs
1
Py = 4o.32 1b/sq £t abs = 56 atm

p = 43.32 1b/sq £t abs



16 - NACA TN 2793

Vg = 0.0001745 cu ft

n=3.8x 10T slug/ft-sec
Low pressures were selected since they are more critical.

All the capillaries can be reduced to an equivalent length of a
capillary of dlameter dp (or d = dg) as follows:"™

L L b
Ze=22+112+232_+2h2
dl)"' _d3}+ dl‘,&
le =:29.72 £t
- The- volume of the system is
L 2 .
V] = Vp + n 4171 + %-de Ip + % d3223 + % ay2y,

V1 = 0.006473 cu £t _ — -

The time required to settle to within 1 lb/sq ft abs from equilib-
rium in the basic configuration found from equation (%) is

_1Bulefvy , Po-PiPrE 4 Bt EH
b\py  °P-P) PptPy Pp-PL - P+DP
ndp 3
Va o - P1
——— loge ———
Po - P P -0

t = 6,470 sec . ' (A1)

First alteration.- If the wall-to=manometer tubing is not of the
proper dismeter, a reduction in the settling time may be effected with
a minimum of effort by detéermining and applying the optimum size.
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The orifice-to-wall cspillaries (1, 2, and 3) can be reduced to an
equivelent length of a capillary of diameter d, (d = dg) as follows:

4 b
Ze' = 2,2 + Zl —de)-‘- + Z3 —d-eh
4y d.3
lg' = 29.71 £t
The volume is
11 o) 7 ) 7t 2
Vi' = Vg + = 41577 + — o + = 4371
1 m+ A1l + g dptie g 933
V1' = 0.001706 cu ft

The optimum size of capillary 4 is given by

dx

ay,

6
8vy "32lL

ﬂle'

dy =

d), = 0.004137 £t

Then for the entire system

o~
®
|
W
Mo
8
H
ct
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and

Vi

Vit o+ ﬁ;ahezh

Vi = 0.001988 cu ft

The response time for the revised system then is

128u1, (V -pP1P+D 3v Py + P
t = Hie(Vl loge Po 1 1, a 1oge-Jl—-—;£ +
Dy P-DP, Pg+P1 Pg-Pp P+ P

ndp
Va Pg - P
loge 0 1
Po - P P-1n
t = 2,351 sec _ (A2)

Second alterstion.- This value of %, however, may still be unsat-
isfactory with regard to time lag so that revision of the entire capillary
system may be necessary. The alteration would involve replacement when
possible of the small capillaries by those of greater internal dlameter.
It is assumed that the original system could be modified so the following

characteristics apply:

Model tubing,

dq = 0.0205 in. 0.001708 £t = 0.0833 ft -

0.003250 f+ lp = 3.5 £t

Il
W

do 0.0390 in.

model-support tubing,

dz = 0.0450 in. = 0.003750 ft 13 = 10.5 £t
support~to-wall tubing,

d), = 0.0550 in. = 0.004583 ft zh_f_h.o £t

wall-to-manometer tublng,

ds = dyg : - 15 = 21.0 ft

B
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The length of capillary of diameter do +to which capillaries 1,

2, 3, and 4 are equivalent is

la' = lo + 1] — + I3 5= + 1), —
d d.3 d),
lo' =11.53 Tt
and the volume is
Vo' = Vg + Z @227 + X a2 + £ d5214 + & q3°1
1 m+ T d1%i p 2%l + 3 d3Tiz + LAyl

vy 0.001811 cu ft

The optimum internal diameter for capillary 5 is found to be

d5

d5

d5

Then for the entire system

and the volume is

Vi =

= dX

_ 6 8Vl|d2)+
- nilg!

0.005956 ft

the equivalent length is

= V1t+ 1;; d5215

0.002396 cu ft

19
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Applying equation (L) yields the settling time for the second
revision _ . —

= 435.9 sec _ ) ' (43)

In a continuous-operation wind tunnel, & response time of 400 to
500 seconds may be acceptable. Buch a time lag would be excessive in
an intermittent wind tunnel, however, so that, if such a capillary
arrangement were applied, further alterations would be necessary.

If cepillaries 1, 2, 3, and 4 (of second alteration) are assumed

to be of maximum diameter for the space allowed, only two feasible alter-
natives by which the time lag may be reduced without increasing the error
remain. One means would be discarding s number of the orifices and asso-
clated capillary systems in order to allow sufficient space for larger
diameter caplllaries for the: remaining systems; the other would require
the use of a measuring device of smaller volume located so that a shorter
capillary length could be used.
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TABLE I

VALUES OF OPTIMUM-TUBE INTERNAL DIAMETERS dy AS COMPUTED

BY EQUATIONS (6), (7), AND (8) FOR EIGHT PRESSURE MEASURING SYSTEMS

Confign-{ V1's | Va, |le's| & &, Po» Py P, G, T8
Tetion leuw st | cuft | £t [Pt | £t |ib/eq £t abe|Ib/sq £t abs|ib/sq £t sbs|Equa-  |Equa-  |Equa-
tion (6)tion (7)|tion (8)
1 0-0025(0.0001745 | 15 |15 [0.002 178.82 ho.32 43.32 J0.004381)0.004352{0.004352
2 .0025 .oooﬁhs- 15 {15 | .002 157.70 21.20 22,20 004371 .00k352( .00k352
3 .0010 ;._0001'745 1515 | .002 178.82 Lp, 30 43,32 .003792] .003735| .003735
L . 0050 '.6001745 15 (15 | .002 178.82 !r232 43,32 | .00k900| .004885| .004885
5 .0025( .0001T451 5 {3 | .002 178.82 k2,32 43.32 | .005263] .005227| .005227
6 .0025 -;.000;7{;5 30| 5] .002 178.82 1|+2.32 43.32 .00350k| .003877| .003877
T .0025 I00011'1;5 1515 | .002| 2116 195;1 1982 -00kgol| .00k352| .004352
8 .0025 .oooi'rlﬁ i5 15 | .002 4o3p koot hoo8 005266 .ool3s2| .ook3s2

Zc
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Figure 1,- Simplified sketch of a manometer.
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/<Air chamber

)

Air tank
i
Air inbleed
valve
Test Vacuum
capillary—" puUmMp
Wi .
D Air ir;bleed
18 | vaive
4 = Mercury U-tube

Corresponds  to orifice on model surface and p,

Figure 2.- Diagram of test apparatus.
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B 360
Theory Experiment p,;atm @
320
o) I/ 50
eg0| - T O - 1/10
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&
c§? 160
-
b (-]
g
; g 120
a
80
40
o

3 L —
140 120 60

P=P » Ib/sq ft

(a) V7 = 0.00382 cubic foot.
1

Figure 3.- Variation of response time with pressure unbalance. 1 = 6 feet;
d = 0.039 inch.
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Response time, t,hsec
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4 b
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//e/ - --T o —‘%
ola éz-—?ﬁ"’:‘#‘ ;.-:.—:g:—'-;: ===
140 120 100 80 60 40
p-p,, Ib/sq ft

(b) Vy = 0.00247 cubic foot.

Figure 3.- Concluded.
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4000f—<] —— Theory
RN Experimental values:
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1000 =<t =
800 f——>
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- . N N
+ 300 —0\ \\ N
3 NQ
X 3001+ ™~
= N ™~ \\\Q@
S 200 \\ ™ < N
v
§ 1N NN RN
LY
< Q\\\\\ ™ N ™
s \\ ™~ < N
“— 100 ~. JAN NS N
S 80 N NG
S NN N N
E—; 60 \\\ \\ e s X \\
- 50 NN \\ N
S 40 \\\\/\ \\\
g 2 \‘D\%\ S
2 \Lg \\ \\
2 20 N
= N
N
‘020 21 22 23 24 25 26 57_ 28 29 30 3] 32 33 35 37 3907
» N N _ W

(a)

V1 = 0.00382 cubic foot.

Figure L4.- Variation of response time with cepillary diameter d.
1 =6Tfeet; t =0 when py - Py = 136.4 pounds per square foot.
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Time to reach 2/3 percent of pyp, from equilibrium, t, sec

NACA TN 2793
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(b) Vi = 0.00247 cubic foot.

Figure 4,- Concluded.
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(a) V1 = 0.00382 cubic foot.

Figure 5.- Variation of response time with orifice pressure. 1 = 6 feet.
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Figure 5.- Concluded.
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Vy = 0.00382 cubic foot.

Figure 6.- Variation of response time with capillary length.
d = 0.039 inch; py - py = 136.4 pounds per square foot.



32

Time to reach 2/3 percent of p-p from equilibrium,t, sec
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(b) V1 = 0.0024T cubic foot+ -

Figure 6.- Concluded.
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- | Figure T.- Variation of response time with length of 0.0205-inch capilllary

added to 6 feet of 0.039-inch capillary. V5 = 0.00382 cubic foot;
. Po - Py = 136.4 pounds per square foot.
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—— Theory, for plain

Orifice diameter , in.

Figure 8.~ Variation of response time with orifice dlameter for
0.002-inch-thin orifice on 6 feet of 0.039-inch capillary,
V1 = 0.00382 cubic foot; py - p; = 136.4 pounds per square foot.
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Figure 9.- Variaetlon of response time with pressure unbalance for a
manometer system incorporating 1.0, 25.0, and 190.0 feet of

capillaries of 0.020-, 0.032-, and 0.090-inch internal dismeters,
respectively.
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